DISCLAIMER
I T h i s report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liab&ty or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not i&inge privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufkturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. Abstract. Fast A.lfv& waves radiated from the phased array antenna in the DII-D tokamak and used for heating and current drive are studied by employing a &loop may mounted on the vacuum vessel wall. The wave propagation direction controlled by the antenna phasing is clearly observed. A small divergence of the rays arising from the anisotropic nature of the fast wave is found. Comparison with a ray tracing code confirms that the ray position calculated by the code is accurate up to at least one toroidal turn of the rays. Consemtion of Rkt which is a basic assumption in computer codes is tested. Although the upshift of toroidal wavenumber ?q at small major radius R is confirmed, R k is not well The phase velocity of the fast wave propagating across the magnetic field equals the AlfvCn velocity in our low ,6 plasma. The wave phase shift with respect to the phase in vacuum is measured throughout the discharge. The line-averaged plasma mass density is then obtained. An example is plotted in Fig. 1 (smooth curve) . The density from the DIII-D C 0 2 laser interferometer is also plotted (noisier curve). Two curves agree with each other well, indicating that the waves launched and detected are fast waves.
Our measurements verify that the ray directivity varies with the phasing at the antenna. An example of ray behavior is shown in the following. The interferometer outputs from two antenna phasing (0, 0, T, T) and (0,7r/2, T, -7r/2) are shown in Fig. 2 . The inboard loop at q5 = 0 receives no single-pass signal indicating that the antenna lobe is directed sideways. The outboard loops at 4 = f130 deg receive equal amplitude but opposite sense, when the phasing is (0,0,7r,~) as we find on the third and fourth traces of Fig. 2(a) . Thus the antenna is radiating antisymmetrically.
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Time (msec) FIGURE 1. T h e plasma density obtained by C02 interferometer (noisier curve) and by extraordinary fast wave interferometer (quieter curve). Bt = 2.1 T, lp = 0.8 MA.
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Ikezi et al. The fast wave phase velocity is scaled by VA/C in a l l directions, so that the phase shift is proportional to (plasma density)'/' in all propagation directions. The estimated phase shift due to the change of density agrees with the observation if one assumes that the ray from the antenna goes directly to the outboard loops. Switching to current drive phasing (0,7r/2, 7r, -7r/2) does not alter the signal from q5 = 130 deg, but the signal from -130 deg is changed entirely as shown in Fig. 2(b) . The current driving ray which is going to the positive q5 is preserved, while the ray going oppositely disappears.
EXPERIMENTAL STUDIES OF FAST WAVE PROPAGATION IN DIII-D

RF Power (MW)
The product of toroidal wavenumber and major radius kt R is conserved in the toroidally symmetric plasma. The ray tracing [2] and full wave [3] computer codes assume ktR = constant. We have tested if this assumption is valid. phasing introduces the spectra centered near & = 0. Again, htR is not a constant as we find in Fig. 3 (a) .
